Keywords: finite difference time domain method, thin wire, surge, electromagnetic field, two dimensional cylindrical coordinate system In this paper, the equivalent radius of a thin wire represented using the FDTD method in the two-dimensional (2D) cylindrical coordinate system is identified, and a technique to represent a thin wire having an arbitrary radius in the 2D cylindrical coordinate system is proposed. Figure 1 shows the dependence of radial electric field around a vertical wire on the horizontal distance from the wire axis calculated using the 2D-cylindrical FDTD method and its approximation using an expression, E(r) = 1.5∆r/r, where ∆r is the lateral length of a cell and r is the horizontal distance from the wire axis. Note that the radial electric field shown in Fig. 1 is normalized so that the field at r = 1.5∆r should be unity. It is clear from Fig. 1 that all of the FDTD-calculated values of radial electric field, including that at the closest point (0.5∆r), is located on the approximated curve given by E(r) = 1.5∆r/r. If the voltage difference between the thin wire and a horizontal distance r = ∆r calculated using the 2D-cylindrical FDTD method (3.00∆r) is equal to that calculated using the approximate expression, E(r) = 1.5∆r/r, the following relation is obtained.
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3.00∆r = ∆r r 0 E(r)dr = 1.5∆r ln(∆r/r 0 ) · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (1) where r 0 is the equivalent radius of the thin wire. From Eq. (1), r 0 is given by r 0 ≈ 0.135∆r · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (2) Fig. 1 . Radial electric-field variation around a vertical wire calculated using the 2D-cylindrical FDTD method and its approximation using an expression, 1.5∆r/r
The thin-wire representing techniques proposed by Umashakar et al (1987) and by Noda and Yokoyama (2002) , both for the 3D Cartesian coordinate system, are applied to representing a thin wire in the 2D cylindrical coordinate system. The former employs the following update equation for magnetic field closest to a thin wire having an arbitrary radius, a.
E n z 2,k · · · · · · · · · · · · · · · · · · · · · · · (3)
The latter represent a thin wire having an arbitrary radius, a, by embedding the wire in an artificial medium having relative permittivity and permeability given as follows.
ε r = mε r , µ r = µ r /m m = ln(∆r/r 0 ) ln(∆r/a) , r 0 = 0.135∆r ⎫ ⎪ ⎪ ⎪ ⎬ ⎪ ⎪ ⎪ ⎭ · · · · · · · · · · · · · · · · · · · · · (4) Figure 2 shows characteristic-impedance values of a coaxial conductor calculated using the 2D-cylindrical FDTD method with thinwire representing techniques of Eqs. In this paper, the equivalent radius of a thin wire represented using the FDTD method in the two-dimensional (2D) cylindrical coordinate system is identified as 0.135∆r, where ∆r is the lateral side length of the rectangular cells, while that of a thin wire represented in the 3D Cartesian coordinate system is known to be 0.230∆r. Furthermore, it is shown that the technique proposed by Noda and Yokoyama to represent a thin wire having an arbitrary radius in the 3D Cartesian coordinate system can be applied successfully to representing such a thin wire in the 2D cylindrical coordinate system if 0.135∆r is used for the equivalent radius instead of 0.230∆r. FDTD Keywords: finite difference time domain method, thin wire, surge, electromagnetic field, two dimensional cylindrical coordinate system 1.
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∂H r ∂ϕ · · · · · · · · · · · · · · · · · · · · (2) Fig. 1 . Spatial arrangement of electric fields E z , E r and magnetic field H ϕ in the 2D cylindrical coordinate system.
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3.00∆r r 0 r = ∆r (6) ∆r r 0 E(r)dr = 1.5∆r ln ∆r r 0 · · · · · · · · · · · · · · · · · · · · · · (7) (7) FDTD 3.00∆r r 0 ≈ 0.135∆r · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (8) Noda Yokoyama (16) 0.230∆s 1 FDTD Table 1 . Values of FDTD-calculated characteristic impedance for the coaxial cable shown in Fig. 4 and estimated values for the equivalent radius of its inner thin wire.
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